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54: Resin-bonded precision fabrication stone 

71: Applicant: Toshiba Tungaloy Co. Ltd. 

57: Summary 

Objective: To provide a fabrication stone for enabling to 
produce a superior mirror finish on hard materials such as 
various kinds of sintered ceramics, glasses, single crystals 
to CBN sintered materials for making semiconductor . wafers , 
diamond-coated materials or soft materials such as magnetic 
tapes . 

Construction: Resi-bonded precision fabrication stone having 
at least 30 v/o of inorganic salts polishing particles 
Effects: Compared with the conventional polishing stones, 
surface smoothness of the fabricated product improves 5-2 4 2 
times, and when compared for the same type of material, surface 
roughness improves 38-151 times. 

[Claims] ^ 

1. A resin-bonded polishing stone for precision 
fabrication containing at least 3 0 percent by volume of 
polishing particles comprised by an inorganic salt. 

2. A resin-bonded polishing stone according to claim 
1, wherein said inorganic salt includes at least one kind of 
alkaline metals and alkaline rare earth metals, and at least 



one kind of a compound comprised by a halogen element. 

3. A resin-bonded polishing stone according to one of 
claim 1 or 2 , wherein said inorganic salt is comprised by 
abrading particles of an average particle diameter of less than 
50 fjLm. 

4. A resin-bonded polishing stone comprised by: 30-80 
volume percent (v/o) of an inorganic salt; 15-49 v/o of a resin; 
and the remainder comprised by metals and metallic compounds 
and/or other substances comprised by superhard substances . 

5. A resin-bonded polishing stone according to claim 
4, wherein said inorganic salt is comprised by fluorides of 
alkaline metals and alkaline rare earth metals and/or a mutual 
solid solution, and said resin includes phenol, epoxy, 
polyimide, polystyrene, and polyethylene. 

[Detailed Explanation of the Invention] 
[0001] 

[Field ,of Industrial Application] This invention relates to 
a resin-bonded precision fabrication stone for producing 
mirror finish, on hard materials typically represented by 
ceramics, glasses and single crystals for use as semiconductor 
wafers and substrates for such goods as magnetic heads, laser 
reflection mirrors, optical goods, parts for precision 
machines, parts for precision measuring instruments, 
electronic parts; or for producing superior finish on soft 
materials. 
[0002] 

[Conventional Technology] Conventionally, fabrication 
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processes aiming to produce mirror polishing by cutting process 
or cutting process involving lapping and polishing steps have 
been performed with a polishing-stone containing super-hard 
substances such as diamond or cubic boron nitride particles 
that are harder than the object to be polished. 
[0003] On the other hand, there have been proposals for chemical 
and mechanical polishing process that use particles softer than 
the object to be polished or a polishing stone containing 
particles softer than the object to be polished to produce a 
mirror polished surface on the polishing object by the action 
of mechanochemical effects induced by mechanical operations. 
[0004] Typical examples of such mechanochemical polishing 
process are reported, for example, in Vora et. al., 
"Mechanochemical polishing of silicon nitride", J. Am. Cer. 
Soc, 65 (9), C-140 (1982); Karaki et . al . "Fabrication speed 
enhancer for mechanochemical polishing of single crystals". 
Precision Machining, 46, 3 (1980) 53-59; Ochiai et. al-, 
"Mechanochemical polishing for f err ite materials" , Precision 
Machining Journal, 54, 3 (1988), 146-151, and a Japanese 
Laid-open Patent Publication No. 64-64766. 
[0005] 

[Problem to be Solved] In "Mechanochemical polishing of silicon 
nitride", by Vora et. al., it is- reported that wet 
mechanochemical polishing was performed for silicon nitride 
and ceramics using CaCOj, MgO, SiOj, Fe203, Fe^O^ as soft polishing 
particles . In "Fabrication speed enhancer for mechanochemical 
polishing of single crystals" by Karaki, it is reported that 
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mechanochemical polishing was performed on silicon single 
crystals in alkaline solution using ZrOj particles. In 
"Mechanochemical polishing for ferrite materials" by Ochiai, 
it is reported that mechanochemical polishing was performed 
on Mn-Zn-based single crystal ferrite material in a solution 
containing distilled water, sodium hydride and hydrochloric 
acid using AI2O3 particles. 

[0006] Also, in Japanese Laid-open Patent Publication No. 
64-64766, it is reported that polishing stone was used, which 
was made of particles of metallic substances, oxides, nitrides, 
silicates, borides , carbides, polyacetal, polyethylene, 
acryonitrile, polyphenolsulf ide, phenol, epoxy resin, and 
which was made so that the stone was softer than the polishing 
object. 

[0007] Of the foregoing references, Vora, Karaki, Ochiai 
performed mechanochemical polishing using oxide-based 
polishing particles, and the latter reference reported the use 
of a polishing stone containing a resin and oxide particles, 
especially Cr203 , Fe203, Ce02. The particles used in the 
foregoing references are made of chemically stable metallic 
oxides, and therefore, polishing effect is weak and polishing 
effect is obtained through the use of solvents, and mirror 
polishing is obtained after a prolonged polishing efforts, and 
the surface quality is such that mirror polishing has not been 
achieved. 

[0008] This invention is provided in view of the problems in 
the current state of the art, and specifically, the object of 
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this invention is to provide a resin-bonded polishing stone 
containing inorganic salts in a resin matrix so that highly 
efficient polishing can be performed to produce precision 
fabrication of polishing object having superior surface 
smoothness . 
[0009] 

[Means for Solving the Problem] The inventors examined ways 
of relatively quickly producing mirror polished surfaces on 
polishing objects such as semiconductor silicon wafers and 
ceramics so that superior surfaces could be obtained in a 
shorter polishing time. The inventors found that instead of 
using superhard polishing particles to produce mirror surface, 
softer inorganic salts are more suitable for mechanochemical 
polishing. In polishing the object, commercially available 
polishing stones containing metallic oxide particles require 
wet polishing using an acidic or alkaline solution as a medium, 
but, in contrast, the present stone containing inorganic salts 
can be used dry to achieve sufficient mechanochemical polishing 
effects, and the effect of the invention is that the surface 
is not affected by stress, oxygen adsorption, oxide film 
adsorption, for example, and that the surface quality is 
significantly improved with the use of the present stone. 
[0010] This invention has been achieved according to the 
insights described above, 

[0011] That is, this resin-bonded precision polishing stone 
has a feature that it contains at least 30 v/o of inorganic 
salt particles - 
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[0012] The particles of inorganic salts used in this invention 
include: fluorides, chlorides, bromates , iodates, nitrates, 
sulfates, coarbonates, oxalates and acetates. Specifically, 
fluorides such as LiF, NaF, KF, KF*HF. chlorides such as LiCl, 
NaCl, KCl, NaCl03, LCIO3, Ba(Cl03), KClO^, NaClO^ , MgCl , BaCl, 
NiCl, CoCl, CaCl, ZnCl, AlCl, CrCl, NH4CI; bromides such as NaBr, 
KBr, KBr03, NaBr03; iodides such as NaT, KI, KIO3, KH(I03)2/ Cdl2; 
nitrates such as NaNOj, NaN03, KNO2, NaNOj, Ca(N03)2, Z(N03)2, 
A1(N03)3, AgN03, Co(N03)2, ZrO(N03)2, Sr(N03)2, Fe(N03)2/ Cu(N03)2r 
Pb(N03)2, Ni(N03)2, Ba(N03)2, Mg(N03)2/ and LiN03; sulfates such 
as NajSO^, Na2S03, NaHS03, NaHS04 , K2SO4, KHSO3, ZnS04, Al( 504)3, 
CdSO^, CdSO^, CaSO^, C0SO4, FeSO^ , Fe2( 804)3, CUSO4, NiS04 , BaS04, 
MgSO^, MnS04; carbonates such as Na2C03, K2CO3, CaCOj, Li2C03, 
BaC03; oxalates such as Na2C204 , Na2C204 , K2C2O4, KH3(C204 ) 2 ; and 
acetates such as CH3COONa, CH3COOK, Zn(CH3COO)2/ Cd(CH3COO)2f 
Ca(CH3COO)2f Co(CH3COO)2, Cu(CH3COO)2, Pb(CH3COO)2, Ni(CH3COO)2, 
Ba(CH3COO)2, Mg(CH3COO)2, Mn(CH3COO)2. 

[0013] Of such abrading particles comprised by inorganic salts, 
fluorides, chlorides , borides and iodides of alkaline metals 
and alkaline rare earth metals are preferable because they are 
able to produce mirror finish on sintered cubic boron compounds 
and diamond stones. Fluorides are especially preferable. 
[0014] Inorganic abrading particles improve the degree of 
precision polishing achievable when the particles are 
uniformly finer and activation is higher, such that the 
particles size should be less than 50 jum, preferably less than 
5 //m and the standard deviation lies within cr, and it is more 
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preferable that the average particle size be less than 0.05 
PL m. Improved precision of polishing is particularly 
noticeable when the abrading particles constitute less than 
30 v/o. 

[0015] The resin-bonded polishing stone for precision 
fabrication provided in this invention produces higher 
strength when the stone is comprised by 3 0-80 v/o of abrading 
particles of inorganic salts, 15-49 v/o of resin, and the 
remainder is comprised by other substances containing chiefly 
metallic compounds . 

[0016] Although the resin used in this invention is not limited 
particularly, it is preferable that the polishing stone be 
comprised by phenol, epoxy, polyimide, polystyrene or 
polyethylene, because the formability, strength are high and 
dispersion characteristics of the abrading particles and other 
substances are superior. 

[0017] Other substances in this invention are not particularly 
limited so long as they are substances that have been used 
conventionally for stone polishing. Specifically, they 
include particles of superhard compounds, ceramics, glasses, 
whiskers, fibers, carbon. More specifically, for example, 
AI2O3, Si02, Sic, Fe203, Ye^-^O^, (Zic^O^, Zr02, CeOj, CBN, WBN 
(tungstide BN) , and diamonds. Also, good results are obtained 
by including abrading particles contained in the polishing 
stone disclosed in a patent application by one of the inventors 
of this invention submitted on May 30, 1991. 
[0018] The resin-bonded polishing stone of this invention can 



be produced by using conventional forming methods for polishing 
stones, specifically, mixing the feed materials comprised by 
the abrading particles, resin and other substances as required, 
processing the mixture and hot pressing in a. metal mold. 
[0019] 

[Effects of the invention] The resin-bonded polishing stone 
of this invention is used for precision polishing by utilizing 
mechanochemical polishing effects produced by the power of 
activation stored within the abrading particles of inorganic 
salts and frictional heat generated on the polishing interface 
so as to produce a primitive molten state on the surfaces of 
the abrading particles and polishing object and produce even 
higher activation, thus enhancing chemical reactions between 
the abrading particles and the polishing object, in particular, 
surface etching effects caused by decomposition of inorganic 
salts to produce the so-called mechanochemical polishing 
effects. 
[0020] 

[Example 1] Various kinds powders of inorganic salts and various 
resins were used to prepare samples shown in Table 1. 
[0021] The feed materials of compositions shown in Table 1 were 
mixed in a mixer, and samples of the polishing stones were 
produced under the sintering conditions shown in Table 2. 
[0022] 
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[Table 1] 



Test Samples 


Compositions ( v/o ) 


Abrading particles 
(average radius, //m) 


Resin 
(Balance) 


this invention 
1 


70LiF (10) 


phenol 


this invention 
2 


65(Lio.8Nao.2)F(5) 


polyimide 


This invention 
3 


3 5CaF2 ( 1 ) -2 OLiCl ( 5 ) -2 0Cr2O2 (0.2) 


epoxy 


This invention 
4 


40(Lio.8Ko.2)F(5)-20Fe202.e(0.1)- 
5Fe(l) 


polyethylene 


This invention 
5 


3 5 ( Lio.sSro. 1 ) F ( 3 ) -2 OSiO^ ( 0 . 5 ) - 
5CuS2(3 ) 


phenol 


This invention 
6 


3 0(Lio.8CSo.i)Cl(l )-15CeO2(0-2 )- 
Sdiamond ( 1 ) 


polyimide 


This invention 
7 


4 0NaCl(5 )-10KNO3(5 )-10FeOo.56(0.2 ) 


polyethylene 


xnis mvenuxon 
8 


3 5Co ( CH3COO ) 2 ( 3 ) -2 OKSO2 ( 5 ) - 1 5B- 
SiC(l) 


phenol 


Comparison 1 


95LiF (10) 


• phenol 


Comparison 2^ 


1 OCaF^ ( 5 ) - 5CsCl (10) 


polyimide 


Comparison 3 


50diamond( 1 ) -15CaF, ( 5 ) 


epoxy 



[0023] 
[Table 2] 
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Test Samples 


Pressure 
(kg/mm^) 


Temperatur 
e rc ) 


Atmosphere 


Time (hr) 


this invention 1 


250 


190 


air 


1 


this invention 2 


250 


250 


Ar 


3 


this invention 3 


600 


200 


H, 


1 


this invention 4 


600 


220 


N, 


3 


this invention 5 


250 


185 


air 


2 


this invention 6 


250 


250 


Ar 


2 


this invention 7 


550 


210 


air 


2 


this invention 8 


250 


190 


air 


1 


comparison 1 


200 


185 


air 


1 


comparison 2 


220 


240 


Ar 


2 


comparison 3 


600 


200 
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Test samples 1-8 -of this invention and comparison samples 1-3 
and silica gel as comparison sample 4 were subjected to testing 
under the conditions shown below to produce mirror finish on 
the polishing object. 



Mirror Polishing Conditions 

Polishing object: Ceramics, glasses and Si wafer samples shown 

in Table 3 were polished using a polishing stone containing 

1 m diamond particles. 

surface rotation speed: 200 r.p.m. 

pressing pressure: 150 g/cm^ 

method: dry evaluation: observation of the surface roughness 
of the polishing object after a given period of polishing, and 
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surface conditions of the polishing object and the stone after 
60 minutes of polishing process, 

[0024] The results of the mirror polishing test are reported 

in Table 3 . 

[0025] 

[Table 3] 



Sample 


Material 


Rmax (nm) 


Condition after 60 minutes 


wear degree 


10 


30 


50 


60 


polishing 
object 


polishing 
stone 


TlrtTY\ ^ / Xr ^ -F * ry\ yt^ 

luiu / K.g nuiu 


si 


sintered 
CBN 


12 


7 


3 


2 


mirror finish 


good 
planarity 




s2 


Si wafer 


2 


1.3 


0.7 


0.5 


mirror finish 


good 
planarity 


y XI u 


s3 


mag tape 


2.4 


1.5 


0.9 


0.8 


mirror finish 


good 
planarity 




s4 


ocular 
lens 


1.5 


0.9 


0.7 


0. 6 


mirror finish 


good 
planarity 




s5 


magnetic 
head 


2.3 


1.7 


1.3 


1.0 


mirror finish 


good 
planarity 


1x10"^ 


s6 


laser 
mirror 


2.2 


1.9 


1.5 


1.1 


mirror finish 


good 
planarity 


3x10"^ 


s7 


sintered 
sialon 


2.5 


1.9 


1 . 0 


0.9 


mirror finish 


good 
planarity 


6x10-' 


s8 


Al alloy 


7 


5 


3 


2 


mirror finish 


good 
planarity 


8x10-' 


cl 


sintered 


150 


129 


107 


103 


scratches and 


particles 


3x10-^° 



11 





CBN 










cloudiness 


falling off 








J. *i O 




1 7 
± Z O 


X 1. 


sciat-cnes ana 
cloudiness 


paxT-icxes 
falling off 


iiXl Q 


c3 


lens 








23 


O J. Cl L. ^ 11 C O CLllU 

cloudiness 


falling off 


1 V 1 C\~^ 
IX 1 U 


c4 


Si wafer 


42 


20 


13 


10 


scratches and 
cloudiness 


particles 
falling off 


7x10"^ 



[0026] 



[Effects of the Invention] The resin-bonded polishing stone 
of this invention utilizes the f rictional heat generated during 
fabrication process and the abrading particles of inorganic 
salts contained in the stone to produce repeated actions of 
dissolution and oxidation, oxidation film formation and 
removal of oxide film on the polishing interface at a sub- 
nanometer order. The polishing stone is designed to promote 
such oxidation reaction so that the surface quality of the 
polishing object, in terms of Rmax, is improved by 5-242 times 
compared with the quality achieved by those polishing stones 
having conventional particles. 
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